This paper analyzes the heterogenous reaction of exporters to exchange rate changes using a very rich French firm-level dataset with destination-specific export values and volumes on the period 1995-2005. We find that high-performance firms react to a depreciation by increasing significantly more their markup and by increasing less their export volume. This heterogeneity in pricing to market is robust to different measures of performance, samples and econometric specifications. It is consistent with models where demand elasticity decreases with firm performance. Since aggregate exports are concentrated on high productivity firms, precisely those that absorb more exchange rate movements in their markups, heterogenous pricing to market may partly explain the weak impact of exchange rate movements on aggregate exports. * We thank the referees and the editor for very insightful comments. We also thank
Introduction
Movements of nominal and real exchange rates are large. They however have little effect on aggregate variables such as import prices, consumer prices, and the volumes of imports and exports. The sensitivity, or rather lack of, of prices to exchange rate movements has been documented by Goldberg and Knetter (1997) and Goldberg (2005 and who provide estimates of the pass-through of exchange rates into import prices. Moreover, the evidence of Gopinath and Rigobon (2008) suggests that price rigidities cannot fully explain this phenomenon. On the quantity side, the elasticity of aggregate exports to real exchange rate movements is typically found to be low in industrialized countries, a bit below unity for example in Hooper, Johnson, and Marquez (2000) and rarely above 2 in others studies. In international real business cycle models, the elasticity used for simulations is typically between 0.5 and 2.
In the vast literature on exchange rate pass-through there is very little evidence that links pass-through to firm-level characteristics. In this paper, we attempt to do this and document the heterogeneity in the response, in prices and volumes, of exporters to exchange rate movements. We also analyze how this heterogeneity may help explain the lack of response of aggregate variables to these movements. We find that higher performance firms tend to absorb exchange rate movements in their markups so that their export volumes are less sensitive. We document this heterogeneity using a very rich firm-level dataset with destination-specific export values and volumes from the French Customs and other information on firm performance at annual frequency. We use this dataset for the 1995-2005 period to exploit variation across both years and destinations. To our knowledge, our paper is the first to exploit such detailed data to document the reaction of firms to exchange rate movements in terms of prices, quantities, entry and exit and to analyze how heterogeneous firms react differently to exchange rate movements. 1 A big advantage of our dataset is that we have information on unit values that can proxy for the Free-On-Board (FOB) price at the producer/destination level. We can infer the impact of an exchange rate change on the pricing strategy of the exporter for different types of exporters. Our paper is therefore complementary to existing studies on pricing to market and pass-through which use information on import prices 2 (which contain transport costs) or consumer prices 3 (which also contain distribution costs). Our regressions yield the following results: for our preferred sample, following a 10% exchange rate depreciation 4 , the average exporter increases its export price (in euro) by 0.8%. A one standard deviation increase in performance (TFP or labor productivity) raises this number to 1.8% for TFP and 2% for labor productivity. On the other hand, the average exporter increases its export volumes by around 5% but this elasticity falls to 3.5% when performance increases by one standard deviation. This heterogeneity is robust to different estimation methods, measures of performance and samples. It also holds across products inside the firm using product rank as an alternative (inverse) measure of performance: for the product with the highest export value (the "core product"), the price increase following a 10% depreciation is 1.7% and falls to 1.4% for the product ranked tenth worldwide. To our knowledge, our paper is also the first to document the impact of exchange rate changes on entry and exit in different destinations. We find that following a 10% depreciation with respect to the currency of a country, the probability of exporters to enter this market increases by 2.5 percentage points.
The heterogeneity in response to exchange rate movements can be rationalized if the elasticity of demand to export prices perceived by firms is lower for high performance firms than for low performance ones. We argue in our theoretical section that this pattern can emerge from different modeling structure: a linear demand system where the demand elasticity falls with the price (as in Melitz and Ottaviano, 2008) , imperfect competitionà la Cournot where higher performance firms have larger market share (as in Atkeson and Burstein, 2008) or local additive distribution costs (as in an extension of Corsetti and Dedola, 2005) . Our empirical findings validate this class of models with endogenous, variable and heterogenous pricing to market. We also find evidence, consistent with the model with distribution costs, that there is more pricing to market for consumer goods than intermediate goods and more generally for sectors with higher distribution costs: following a 10% depreciation, exporters of consumer goods increase their price (in euro) by 2.8% whereas exporters of intermediate goods increase their price by 0.8% only.
The heterogeneity in the pricing to market strategy is also noteworthy because of its possible implications for the aggregate effects of exchange rate movements. The presence of fixed costs to export generates a selection mechanism through which only the best performers are able to export. Heterogeneity in productivity implies that a very large share of aggregate exports is made by a small portion of high performance firms. Hence, exporters, and even more so large exporters, are, by this selection effect, firms which optimally choose to partially absorb exchange rate movements in their markups. Also, heterogeneity in productivity means that firms that enter the export market due to a depreciation are less productive and smaller than existing ones. The impact of entry at the aggregate level is therefore small both at the intensive and extensive margins. We illustrate these aggregate implications of heterogeneity in a model with local distribution costs.
Our paper is related to the literature on incomplete exchange rate pass-through and pricing to market 5 .
Other related papers are Dekle, Jeong and Ryoo (2009) and Imbs and Mejean (2009) who show that the aggregation of heterogenous firms or sectors can result into an aggregation bias in the estimation of the elasticity of exports to exchange rate changes. Several papers 6 have estimated pass-through for particular industries allowing for variable markups such that the pass-through depends on the firm's market share.
There are however few empirical contributions on pricing to market, exchange rate and export flows using exporter-level data 7 . Martin and Rodriguez (2004) find that Spanish firms do react to a depreciation by raising their markup. Hellerstein (2008) uses a detailed dataset with retail and wholesale prices for beer and finds that markup adjustments by manufacturers and retailers explain roughly half of the incomplete pass-through. However, these studies do not analyze the heterogeneity and the exporter-level determinants of pricing to market which is the focus of our paper.
The remainder of the paper is organized as follows. Section 2 surveys different theoretical mechanisms through which heterogenous pricing to market can arise. Section 3 presents the data set, the empirical methodology and the main empirical findings on the reaction of different exporters to exchange rate movements. Section 4 analyzes some aggregates implications and section 5 concludes.
Models with heterogenous pricing to market
Several mechanisms can generate an endogenous and heterogenous strategy of pricing to market where firms with better performance absorb exchange rate movements in their markups more than firms with weaker performance. All, however, are based on the same property that both a higher productivityat the firm level-and a real depreciation -at the aggregate level-weaken the elasticity of demand as perceived by exporters. These two characteristics imply that faced with a real depreciation, exporters react by increasing their markup the more so the higher their performance. These models therefore share the property of endogenous and variable markups. Three main models can generate such heterogenous pricing to market: Melitz and Ottaviano (2008) , Atkeson and Burstein (2008) and a model derived from Corsetti and Dedola (2005) .
In Melitz and Ottaviano (2008) , a linear demand system with horizontal product differentiation implies that in contrast to the case of constant elasticity of substitution (CES) demand, the price elasticity of demand increases (in absolute value) with the price faced by consumers. 8 Hence, high productivity firms (low price firms) face a lower demand elasticity. When all exporters in the Home country benefit from a fall in the relative cost of production (a real exchange rate depreciation), prices faced by consumers fall and exporters react by increasing their markup so that there is incomplete pass-through of changes in costs to import prices. Given that high productivity firms have a lower demand elasticity to start with, they can increase their markup more than others. This endogenous and heterogenous pricing to market property of the Melitz and Ottaviano (2008) model is shown in the appendix. Atkeson and Burstein (2008) provide a model with Cournot competitors, faced with a nested CES demand over several sectors. Critically, they assume that the elasticity of substitution between sectors is lower than the one inside each industry. In this setup, higher performance firms have larger market shares in a sector. Due to imperfect competitionà la Cournot, firms with a larger market share face a lower demand elasticity. At one extreme, if a firm has a market share approaching zero, it perceives a high elasticity of substitution within its own sector. At the other extreme, if a firm has a market share approaching one in its industry, the elasticity of demand it perceives is the elasticity across sectors, lower than the elasticity within. High performance (high market share) firms hence perceive a lower demand elasticity and have a higher markup. When faced with a real exchange rate depreciation, Home firms see their market share expand, and react by increasing their markup. Those firms with a large market share to start with (high performance ones) have a lower demand elasticity so that their markup increase is larger. Their general equilibrium model does not yield analytical solutions. When simulating it, they show that higher performance firms with a larger market share price more to market in response to a real exchange rate change (see their figure 3 , p 2022). Heterogenous pricing to market is therefore a key feature of their model. A third mechanism is based on the presence of distribution costs 9 in a model that we analyze in detail 8 Note that this would also be the case in models of Bergin and Feenstra (2001) and Rodriguez Lopez (2011) with translog preferences, 9 In Atkeson and Burstein (2008), distribution costs also play an important role to explain deviations from relative in the appendix. The model is an extension of Corsetti and Dedola (2005) with firm heterogeneity. In the presence of additive (per unit) distribution costs paid in local currency, the demand elasticity perceived by the exporter falls with a real exchange rate depreciation and the productivity of the firm. The reason is that both imply a fall in the import price in the currency of destination. Because distribution costs are not affected by a depreciation (local distribution costs are paid in local currency) or an increase in the exporter's productivity, the share in the consumer price that depends on the export price falls with the depreciation of the exporter's currency. This itself reduces the elasticity of demand perceived by the firm to its exporter price. Exporters with a higher initial productivity have a lower demand elasticity and increase their export price more than others. This heterogenous pricing to market behavior where high performance firms absorb real exchange rate movements also holds in a version of the model in which firms differ in the quality of the goods they export (see appendix). In this case, firms that export higher quality goods (and have higher value added per worker) also react to a depreciation by a larger increase of their exporter price. In section 3.6, we test some predictions which are specific to the model with distribution costs.
We now characterize the common testable predictions of these models for export prices and volumes 10 .
Let us denote p i (ϕ) the export price expressed in Home currency of firm with performance or productivity ϕ exporting to country i, and q i the real exchange rate between the Home country and country i:
Testable Prediction 1. The elasticity of the exporter price, p i (ϕ) to a real exchange rate change
, a measure of pricing to market, increases with the performance of the firm, ϕ.
The heterogenous pricing to market logically generates heterogenous reactions of export volumes to a real depreciation. The higher the export price elasticity to exchange rate movements, the lower the export volume elasticity to the same exchange rate movement. The elasticity of the volume of exports x i (ϕ) between the Home country and country i is therefore specific to each firm.
Testable Prediction 2. The elasticity of the firm exports, x i (ϕ) to a real exchange rate change e x i (ϕ) =
decreases with the performance of the firm, ϕ.
The elasticity of the value of exports (in Home currency) to exchange rate change of a firm with productivity ϕ is the sum of the elasticities e p i (ϕ) + e x i (ϕ). Given that one is increasing in performance and the other is decreasing in performance, the net result is ambiguous and this is the reason we focus, at the firm level, on the reaction of volumes.
purchasing power parity. Burstein, Neves, and Rebelo (2003) analyze the role of nontradable distribution costs in accounting for the behavior of international relative prices and show that because distribution services require local labor, they drive a natural wedge between retail prices in different countries. Burstein, Eichenbaum, and Rebelo (2005) show that distribution costs are also key to understand the large drop in real exchange rates that occurs after large devaluations. 10 In these models, the choice of currency of invoicing is not considered but the optimal choice of the degree of pass-through is implicitly similar. Engel (2006) shows that the case of complete (zero) pass-trough is similar to producer currency pricing (local currency pricing). Using Irish data, Fitzgerald and Haller (2010) find that for prices invoiced in destination currency, the desired relative markups move one-for-one with exchange rate changes. Goldberg and Tille (2009) find that larger transactions are more likely to be invoiced in the importer's currency, reflecting pricing to market. 3 Empirics: firm-level
Data
We test the predictions of models with heterogenous pricing to market using a large database on French firms coming from three different sources:
1. The French customs for firm-level trade data, which reports exports for each firm, by destination and year. This database reports the volume (in tons) and value (in euros) of exports for each 8-digit product (combined nomenclature) 11 and destination, for each firm located on the French metropolitan territory. Some shipments are excluded from this data collection. Inside the European Union (EU), firms are required to report their shipments by product and destination country only if their annual trade value exceeds the threshold of 150,000 euros. For exports outside the EU all flows are recorded, unless their value is smaller than 1000 euros or one ton. Those thresholds only eliminate a very small proportion of total exports. The productivity of the firm is proxied either by its TFP or by its labor productivity. 12 We also use as alternative performance indicators the rank of the product in the firm's exports and the number of export destinations. We restrict our sample to non-Eurozone destinations, to focus on destinations characterized by a sufficient level of variance of the real exchange rate. Finally, we restrict the observations to firms which main declared activity is manufacturing. This in particular excludes wholesalers.
When testing our predictions, the existence of multi-product firms must be taken into account. This is particularly true for our prediction on export prices. When faced with an "easier" destination market (through trade liberalization or depreciation of its currency), a multi-product firm will have a tendency to increase the number of products exported to this market (Bernard, Redding and Schott, 2010) and to 11 Most countries in the world have adopted the Harmonized System (HS), which is a 6-digit classification of all goods traded. Each country can, however, provide additional detail (8-and 10-digit) if they decide to. The Combined Nomenclature (CN) is the EU version of HS at the 8 digit. The USA go directly from the 6-digit level to the tariff line level (10-digit, labeled HTSA).
12 Labor productivity is defined as value added over the number of employees, and TFP is computed sector by sector using Olley and Pakes (1996) methodology. Capital is deflated using a gross fixed asset deflator from the OECD Economic Outlook database. For value added, we use a sectoral deflator from the EU-KLEMS database.
flatten the distribution of its sales, giving less weight to its best products (Mayer, Melitz and Ottaviano, 2010) . Those effects 13 could interfere with the identification of our predictions. In order to isolate precisely the predictions of heterogenous pricing to market, uncontaminated by changes in average prices coming from product composition, we therefore want to hold as constant as possible the product range and the product mix in our sample, in order to neutralize this composition issue.
One solution is to restrict the sample to firms that only export one product to a given destination. This is less restrictive than it might seem. For instance, if a manufacturer exports ten different products to Germany, we lose those observations, but we keep all destinations/years for which only one product is exported by this same firm. The composition issue vanishes, but the disadvantage of this solution is to reduce importantly the coverage of the sample, since single product/destination observations represent a small share of total French exports. In order to minimize this representativeness issue, a solution is to sum all flows for a given exporter but the product composition problem is then maximized. Another alternative is to consider exports at the firm-product level (the most disaggregated 8-digit product classification).
Both the product composition and representativeness issues are then eliminated, but a new issue arises on the measurement of performance as we cannot measure productivity directly at the product-level.
No sample is therefore an ideal solution to our estimation issues, and we experiment with different variants of sample selection. Our main finding of heterogenous pricing to market holds for all the samples we use. Table 1 shows the representativeness of each sample. Our first sample (column 1) contains single product / destination observations. Note that most firms (including multi-product exporters) are still present in the database: while these observations only represent 11% of total French export value, the export value of firms in this sample account for 87% of French exports. The second sample (column 2) keeps only the top product exported by the firm worldwide in value. This greatly improves the coverage of the sample which represents now 50% of total French exports (33% in column 3 where we define top product as the one exported to the largest number of destinations). Variants of this include keeping only the firms/destinations that have a constant number of products (column 4), or that export only one product, but defined at the 4-digit level (column 5). Column 6 presents sample characteristics when we aggregate unit values and export volumes at the firm level, while the last column presents the fully (firm-product) disaggregated case. are between 0.7 and 1.8% depending on the sample. Volumes are slightly more variable, between -2.9 and 3.1%. These differences are however mainly due to a small number of large negative growth rates: the median of both unit values and volumes is positive in all samples.
13 See Chatterjee, Dix-Carneiro, and Vichyanond (2010) for a model combining multi-product firms and heterogenous pricing to market which they test on brazilian data. They find that following a depreciation, the number of exported goods increases and that the share of the top products falls relative to the others.
14 Unit values and export volumes can be noisy. Hence, we dropped some ouliers: the observations for which the yearly growth rate of one of these variables was in the top or bottom 1% of the distribution, computed by sector and year. 
Firm-level Methodology
Our first testable prediction is that firms of the Home country (France) react to currency movements by absorbing part of them in their exporter price, the more so the higher the performance of the firm. In models with heterogenous pricing to market, the optimal production price depends upon the marginal cost of the firm which itself depends on its specific productivity draw and on other types of marginal costs (wages) which are common to all exporters. It also depends on bilateral trade costs and on the exchange rate level (see equation (A1) in the appendix for the specific case of our model with distribution costs).
We therefore estimate the following specification, where firms are indexed by j, destinations by i and time by t:
where U V jit denotes the unit value of exports, used as a proxy for exporter prices.
is the productivity of firm j (lagged one year and normalized by average productivity for the sample), and controls for firm-specific marginal costs. RER it is the average real exchange rate between France and country i during year t. ψ t are year dummies which capture, for instance, shocks to marginal costs common to all French exporters. Finally, note that we systematically perform within estimations, i.e. we introduce firm-destination fixed effects to capture the time-invariant part of characteristics which may affect pricing and that vary by destination (e.g. size of importing country, trade costs from France, distribution costs,...), by firm (e.g. quality of marketing), or by firm-destination (e.g. idiosyncratic taste of a country for what is exported by this firm).
We expect a positive sign on both β p and γ p . The second coefficient captures the heterogeneity of pricing-to-market, i.e. the fact that high productivity firms increase more their exporter price following a real depreciation (testable prediction 1). In models where the demand elasticity is constant and homogenous across firms (at least inside a sector), this coefficient should be zero.
The effect of RER changes on firm-level export volumes is studied using the same reduced-form strategy as for unit values, estimating the following equation: Note: Value added per worker in thousands of euros. Source: Authors' computations from BRN / French Custom data. Non Eurozone destinations, positive exports observations. We use the growth measure initially proposed by Davis, Haltiwanger and Schuch (1996) , dividing the evolution between t − 1 and t by the average level of the two periods. This ratio is bounded, which is a particularly useful feature when the data under inspection features large rates of entry and exit as is the case here. where x jit denotes export volume and Z it is a vector of destination-year specific variables. In standard models of international trade, export volumes depend on Y i , and P i , respectively country i's GDP and price index. We proxy P i by the country i's effective real exchange rate. 15 As for the price equation,
we include firm-destination fixed effects and year dummies. Our equation can therefore be seen as a firm-level application of the gravity model known to be compatible with most of the existing theoretical frameworks. The model with distribution costs in the appendix is an example.
Regarding our predictions on exchange rates' movements and heterogeneity, the impact of a depreciation (β x ) is expected to be positive, and γ x , the coefficient on the interaction term, should be negative (testable prediction 2): the export volume elasticity to real exchange rate changes should decrease with the firm's performance. Table 3 reports the results of the estimations of unit values (in the upper panel) and export volumes (in the lower panel). As explained above, computing unit values and export volumes at the firm-level is problematic when the firm exports more than a single product to a given destination, since changes in prices and quantities may reflect changes in the product mix instead of pricing strategies. Our basic specification (column (1) in Table 3 ) therefore restricts the sample to a set of observations where this problem does not arise: the firm-destination combinations for which the firm exports only one product over our time frame. 16 We also run the same regressions on alternative samples: in columns (2) and (3), we keep the observations only for the main product exported by the firm (defined either by export value over the period -column (2)-or by the number of destinations reached by the product -column (3)); 17 in column (4), we keep the observations for which the mix of products exported to a specific destination remains the same between t and t − 1; in column (5), we keep single product observations as in column
Firm-Level Results
(1), but with products being defined as a 4-digit HS category (instead of 8-digit); in column (6), we sum over all products exported by the firm (the unit value in this case is therefore a weighted average of the underlying prices of the different products exported); finally, column (7) retains all export observations for each firm at the (8-digit) product level. For this last estimation, since we do not observe productivity at the product-level we use the rank of the product in the firm's exports to a given destination as our (inverted) "performance" variable, proxying for the productivity of this product (see Bernard, Redding and Schott, 2010 and Mayer, Melitz and Ottaviano, 2010, for an analysis of product performance and export rank within the firm). The product with the highest export value (the "core product") has rank 1, the second rank 2, etc. We therefore expect the coefficient on the interaction between the product rank and the real exchange rate to be negative on prices, and positive on export volumes. For the last estimation, firm-destination fixed effects are replaced by firm-destination-product fixed effects. Note that for ease of interpretation, we normalize TFP by its average level in the first 6 columns, such that the 15 The effective exchange rate is computed from CEPII and IFS data as an average of the real exchange rates of destination countries toward all its trade partners weighted by the share of each trade partner in the country's total imports. 16 Note that this does not restrict the sample to single-product firms. Suppose a bicycle manufacturer exports two different types of bicycles to the United Kingdom, but only one to Sweden over the 1995-2005 period. The sample of column (1) will keep all observations of exports to Sweden, but not those to the United Kingdom. 17 More specifically, in the first case (value), we calculate the average value exported by a firm over the whole period for each product. We retain for each firm the product for which this value is the highest. In the second case, we apply the same logic using the number of destinations rather than export value as a metric. Note: Robust standard errors clustered by destination-year in parentheses with a , b and c respectively denoting significance at 1%, 5% and 10%. Columns (1) to (6) include firm-destination fixed effects and year dummies. Column (7) has firm-destination-product fixed effects together with year dummies. TFP is demeaned, and the rank product variables are computed by firm-destination, and normalized such that the core product has rank 0.
coefficients on ln RER represent the effect for a firm with the mean level of productivity in the sample.
The last column normalizes the rank of products such that the coefficients on exchange rate changes are for the core product.
Regarding unit values (Table 3 , upper panel), exporters are found to increase their price significantly following an exchange rate depreciation in all samples. More importantly, testable prediction 1 is validated in all cases: the elasticity of the exporter price to a real exchange rate change increases with performance as the interaction term between the real exchange rate and TFP is systematically positive and significant at the 1% level. This is also true in column (6) when aggregating all products for a firm, even though prices are poorly measured. When considering the full and disaggregated dataset (product level for all firms in the last column) where performance is measured by the rank of the product, the interaction term keeps its expected impact (negative sign in this case) and high significance.
Export volumes react positively to an exchange rate depreciation (Table 3 , lower panel). In line with testable prediction 2, for all samples the elasticity of the exporter volume to a real exchange rate change decreases with performance as the interaction term between the real exchange rate and TFP is negative.
It is however not significant in columns (3) and (6) (where we aggregate volumes across products). For the full and disaggregated dataset (last column) where performance is measured by the rank of the product, the interaction term is positive (as expected) and significant.
In each of the panels, we provide a quantitative assessment of the economic importance of our variable of interest. In the first six columns, we present the change in the exchange rate elasticities following a one standard-deviation increase in TFP (from the mean TFP level). In the first sample (column 1), the price elasticity goes from 8.1% to 18.0%, a doubling in the extent of pricing to market, and the volume response to a depreciation falls by 15 percentage points. The effect of the interaction term is therefore economically important, although varying substantially across samples. To give a conservative order of magnitude for statistically significant coefficients, the minimum change in the impact of RER for a typical increase in TFP is +37% for prices and -7% for volumes (in column (2)). In the last column, where we keep all exported products of French firms, we show that the price elasticity goes from 16.8% for the core product, to 13.9% for the product ranked tenth worldwide. There is no pricing response to exchange rate changes for the 56th product, noting that the standard deviation of the number of products is 20. 18 In terms of trade volumes, the RER elasticity is 62% for the best product, and goes up to 74.1% for the tenth product.
Robustness
We now proceed to different sets of robustness checks. First, we check that our results are robust to alternative measures of performance. Second, we test how robust our main result to the use of an alternative empirical specification, interacting RER with different "bins" defined according to percentiles of our performance variables. Third, we check that the heterogeneous pricing to market result also applies at the sectoral level. Finally, we control for a number of alternative mechanisms that could generate observationally equivalent patterns of exporting strategies.
Performance measure. We first check the robustness of our results using alternative measures of the firms' performance. In Table 4 we replicate our baseline regressions from Table 3 using value added per 18 Around 1% of firms in our sample export more than 50 products.
worker as an alternative performance indicator. The results on unit values and volumes are very similar, both qualitatively and quantitatively. We also checked in Table 13 in the appendix that our baseline results from Table 3 are robust to lagging TFP twice as an alternative measure of firms's performance.
Specification. Our results are also robust to alternative non-parametric specifications where we interact ln RER with different bins constructed from percentiles of firms' TFP. 19 Table 5 presents the results for the single-product observations sample. We construct dummy variables for exporters belonging to each quantile category, based on the median, quartiles or deciles of TFP. We replace ln TFP with those dummies and also interact them with the ln RER variable. 20 The table reports the coefficient on ln RER for the bottom bin chosen as the reference group, and the interaction coefficient with the top TFP group (all other interaction terms as well as TFP bins are included but not reported in the table).
Regarding unit values, these interaction terms are always positive and significant as expected. As shown in the bottom of the table, the difference in pricing-to-market between top exporters and the rest of the firms is economically significant: firms below the median, or in the bottom quartile or decile do not significantly adjust their price when the exchange rate varies (columns (1), (2) and (3)), while firms in the top decile for example increase their price by around 1.62% following a 10% depreciation (column (3)). The difference in terms of export volume reaction is as predicted but significant at the 1% level only for the case of the top decile (column (6)) and at the 10% level for the median and quartile cases.
While both high and low performance firms increase their volume following a depreciation, the elasticity is significantly higher for low performance firms. The RER elasticity drops to 40% for firms in the last decile. Table 14 in the appendix presents the same specification when exports are aggregated at the firm-level for the sample with all exporters. The heterogeneous pricing to market behavior between high and low performance firms is very robust. For export volumes, there is however no difference in the elasticities.
In Figure 1 , we present graphically the full set of non-parametric interaction terms of columns (3) and (6) in Table 5 (panel a and b respectively), together with a lowess smoother and 10% confidence intervals.
Both graphs show that the parametric form of the interaction term in the baseline results is not a drastic violation of the pattern revealed by the non-parametric interaction terms. The positive (export prices) and negative (export volumes) trends as a function of TFP for the elasticity to exchange rate are clear.
The graph shows the difference in elasticity relative to firms exporting to the first TFP decile. Those trends moderately accelerate when going up the ladder of TFP deciles.
An alternative measure of performance, inspired by multi-country Melitz (2003)-type models, is the number of export destinations served by the firm. In these models, higher productivity firms export to more destinations. Figure 2 reports coefficients of interaction terms between the exchange rate and deciles of counts of destinations reached by the firm 21 (again with a smoother and confidence intervals). Each point estimate represents the increase in price and volume elasticities with respect to firms exporting to the first decile (one destination). Pricing to market increases with counts of destinations (panel a) which implies that the elasticity of exports to exchange rate movements falls with this measure of performance 19 Percentiles are computed by year. Similar results are obtained when computed by destination-year, or sector-destinationyear, or when labor productivity is used as performance indicator. 20 We also ran median quantile regressions to account for the influence of outliers in the data. Unreported results show that the interaction terms of interest keep the expected signs.
21 Deciles in our sample are defined in the following intervals: [1] , [2] [3] , [4] [5] , [6] [7] , [8] [9] [10] , [11] [12] [13] , [14] [15] [16] , [17] [18] [19] [20] , [21] [22] [23] [24] [25] Table 15 in the appendix shows that the heterogeneous response of exports to exchange rate movements is also observed at the sectoral level: an increase in the average productivity of the sector (where a sector is defined at the NES114 level -114 sectors) dampens the elasticity of export values to exchange rate.
This can been seen in Table 15 where the coefficient on the interaction of sectoral TFP (mean or median) with the exchange rate is negative and highly significant both when we use total exports (columns 1 and 2) and when we use exports of existing exporters only (columns 3 and 4).
Alternatives. We now consider three explanations, alternative to our mechanism, which can explain the heterogenous response to exchange rate movements.
(i) Imported Inputs. If the share of imported inputs in production is higher for high performance firms, a depreciation of the euro may increase more their marginal cost of production through increased import costs. We can test this alternative because the French Customs report firm-level, destination-specific imports. Unfortunately, we only have this data for the years 1995, 1998, 2001 and 2004. We compute, as a proxy for imported inputs, the ratio of average imports of firm i divided by its average total sales.
In Table 6 , columns (1) and (2) show the same regression as in Table 3 , column 1, to which we add an interaction term between the share of imported inputs and the real exchange rate. As expected, this interaction term is positive when considering unit values, and negative (but insignificant) when considering export volumes. Firms which are more dependent on imports from a given country will see their input costs rise when the euro depreciates relative to the currency of this country and therefore increase their price more than others. However, the inclusion of this control does not modify substantially the size and statistical significance of the coefficient on the interaction between performance and the real exchange rate.
(ii) Competition intensity / goods differentiation. In both the model of Atkeson and Burstein (2008) and the model with distribution costs in appendix, the elasticity of the exporter price and of the export volume to exchange rate changes depend on the elasticity of substitution between goods, which can be specific to each sector. It also depends on the degree of competition in the sector: in high elasticity of substitution / high competition sectors, firms should absorb less exchange rate movements in their markups. Hence, a bias could occur in our estimates if high competition industries were systematically associated with lower productivity levels. To ensure that this does not drive our results, we provide two robustness checks. In columns (3) and (4) of Table 6 , we interact the exchange rate variable with the (log of) elasticity of substitution estimated by Broda and Weinstein (2006) . 23 The coefficients have the expected sign but low levels of significance. Most importantly, the results on the heterogenous response to exchange rate movements are unaffected. Second, we include industry dummies interacted with the real exchange rate variable in columns (5) and (6) . Again, our results are unaffected.
(iii) Frequency of price adjustment. The recent literature has emphasized the role of the frequency of price adjustment on the size of the exchange rate pass-through (Gopinath and Itskhoki, 2010) . In columns (7) and (8) of Table 6 we estimate the price equation with additional interaction terms proxying for how frequently firms adjust their prices. Those are interactions between firm-specific average yearly change in price (in absolute value) over the period and the exchange rate, and between the standard deviation of unit values and the exchange rate. While these only reflect very imperfectly the frequency of price adjustment, our results remain unchanged, and the effect of frequency of price adjustment is negative as expected. 
Within vs between sector
Our results arise due to productivity differences across firms inside an industry combined with intersectoral TFP variance. It is interesting to assess the magnitude of each of those components. In Table 6 we included sector dummies interacted with the real exchange rate variable (see columns 5 and 6): the coefficient on the interaction term between performance and RER remained very similar, suggesting that our evidence arises from within sectors rather than between sectors. We now go into more detail and perform an exercise in the line of Gopinath and Itskhoki (2010) to analyze whether the relationship between performance and exchange rate pass-through is more a within-sector or a between-sector phenomenon.
We start by decomposing the variance of TFP in our sample between within-sector and betweensector: Var T F P = Var 
which allows to quantify the contribution of the within and between components of the interaction terms, following Gopinath and Itskhoki (2010), as
Results are presented in Table 7 , where we perform estimation of equation (3) defining a sector either at the NAF600 or NES114 level. The within-sector coefficient are always significant at the 1% level, and their magnitude remains close to our previous results. The between-sector coefficient are also significant, but the within contribution (which takes the underlying variance of the two TFPs) is found to be substantially larger overall (between 65 and 75%) than the between-sector component. We can identify two predictions which are specific to this model (see equations (A2) and (A3) in the (3) and (4) for details about within/between decomposition. appendix). First, a French firm that exports in a sector and / or country with higher distribution costs (as a percentage of the consumer price) should increase more its exporter price (more pricing to market) and should increase less its export volume following a depreciation. This is the prediction of the Corsetti and Dedola (2005) model. Second, distribution costs should generate an heterogeneous response to real exchange rate variations: the difference between high and low performance firms in terms of prices and volumes reaction to exchange rate changes should be more pronounced when distribution costs are higher.
The role of distribution costs
To assess the relevance of these propositions, we first use Goldberg and Campa (2010) data on distribution costs. This data contains the distribution margin by destination and sector for a panel of 21 countries and 29 industries over the period [1995] [1996] [1997] [1998] [1999] [2000] [2001] . Given that there is little time variation and that several years are missing, we use the average of distribution margin by sector-destination. Despite this, our sample is vastly reduced by the limited availability of the distribution cost data.
In Table 8 , columns (1) to (3) show the direct role of distribution costs on the way prices and volumes react to exchange rate movements, dividing the sample at the median distribution cost in columns (1) and (2), and using an interaction term in column (3). High distribution costs seem to indeed increase the RER price elasticity. The effect of distribution costs on the elasticity of export volumes, is however insignificant.
We then divide the sample into four sub-samples, around the median level of distribution cost and around the median firm's performance. Significant pricing-to-market (at the 1% level) is found only for high productivity firms facing high distribution costs (column 4). These firms raise their prices by 5.6% following a 10% depreciation of the exchange rate. The exchange rate coefficient is insignificant in other subsamples (columns 5 to 7, upper panel). The difference in coefficients is calculated for those two extreme cases (high-high vs low-low) and is significant at the one percent level. Symmetrically, only low productivity firms, facing low distribution costs, modify significantly their export volume following an exchange change (lower panel of column (7)). (2), and between (4) and (7).
Further support of the distribution cost mechanism can be found by comparing price elasticities of final consumer goods versus intermediate goods. We use for this purpose the official INSEE's classification of the firm's main activity as being consumer/intermediate/equipement... oriented. 24 Matching with Campa-Goldberg data, we find that distribution costs are higher for consumer goods than intermediate goods (29% and 16% respectively in our sample). Therefore, heterogeneous pricing-to-market should be more prevalent for consumer than for the intermediate goods. In Table 9 we estimate (1) separately for consumer goods and intermediate goods. There is more pricing-to-market for consumer than for intermediate goods (columns (1) and (2)), and pricing-to-market is found also to be more heterogeneous for consumer goods (columns (3) and (4)). These findings are consistent with a model of pricing to market with distribution costs 25 . 
Extensive Margin
The different mechanisms (linear demand function, Cournot competition, distribution costs) that generate heterogenous pricing to market also predict entry of exporters following a real depreciation of the currency.
The real depreciation allows firms to increase profits on the export market with a combination of higher markups and higher sales. Some firms which were not productive enough to recoup the fixed cost to export become profitable and enter the export market. In the appendix, we show this in the case of the model with local distribution costs. Calling ϕ * i the threshold productivity above which a firm finds it profitable to export to country i, then the exporting probability -P(ϕ > ϕ * i ) -increases with an exchange rate depreciation. In the distribution cost model, we obtain (see appendix) the following simple elasticity:
A real depreciation (a rise in q i ) reduces the threshold productivity ϕ * i and leads to entry.
In this section, we test this prediction and estimate the effect of exchange rate changes on the probability for a firm j to export to destination i during year t. We further estimate this equation under the conditions x ji,t−1 = 0 (no exports in year t − 1 for the same firm-destination combination) and x ji,t−1 > 0 to assess separately the effect of exchange rate movements on entry decisions and on the decision to stay on the export market. As shown in the appendix for the model with distribution costs, profits and therefore the entry decision depend on the same determinants as export volumes. Hence, as in equation (2), we include the real exchange rate, TFP, GDP and the effective real exchange rate of the destination country, together with year dummies. Table 10 reports the results on firms' exporting probability, using different estimation methods.
Columns (1) to (3) report logit estimates, and columns (4) to (6) report linear probability model (LPM)
estimates. Both sets of estimations contain destination fixed effects, and the logit columns report average marginal effects of variables on the probability of positive exports, readily comparable to the linear estimates. The last three columns present the results using a LPM with firm-destination fixed effects (columns (7) to (9)). 26 As predicted by the theory, productivity and exchange rate depreciation both have a positive impact on export probability. A 10% depreciation increases the exporting probability by around 3 percentage points in all specifications (see columns (1), (4) and (7)); the effect is significant on both the entry probability, which increases by around 2.2 percentage points (see columns (2), (5), (8)), and on the probability of remaining an exporter which increases by a range between 1.2 and 2.4 percentage points (see column (3), (6,) , (9)). Note that the average marginal effects of the logit estimates are very proximate to the linear ones, which Angrist and Pischke (2009) 2007) who find no effect of exchange rate changes on entry decisions. This suggests that using destination-specific information (which they do not) enables us to estimate more precisely the effect of exchange rates on the extensive margin. Interestingly, and somewhat surprisingly, we have checked that no delayed effect of exchange rate movements can be detected on entry and exit decisions. Note: Robust standard errors clustered by destination-year in parentheses with a , b and c respectively denoting significance at the 1%, 5% and 10%. Columns 1 to 6 include destination fixed effects and year dummies, while columns 7 to 9 include firm-destination fixed effects and year dummies. The logit columns report average marginal effects.
Aggregate implications 4.1 Empirical evidence at the sectoral level
The heterogenous response of exporters to exchange rate movements is interesting in itself but also has important aggregate consequences. In particular, performance heterogeneity could partially explain the muted response of aggregate exports to exchange rate movements. There are several reasons for this: due to fixed costs to enter the export market, only high performance firms will be able to export, precisely those we have shown to price to market and optimally absorb exchange rate movements in their markups.
Higher heterogeneity also implies that exports are concentrated on a few very productive firms, those who choose to be more insensitive to exchange rate movements. Finally, more performance heterogeneity reduces the aggregate impact of the extensive margin: those firms that enter following a depreciation are much less productive than the existing ones and are therefore smaller. One way to test these aggregate implications (which we show to hold theoretically in the model with distribution costs in the next section), is to check that sectors for which exports are concentrated on a few high performers (high heterogeneity sectors) are those for which total sector exports are least sensitive to exchange rate movements.
To do this, we aggregate the value 27 of exports by sector / destination (V sit ) and estimate its reaction to exchange rate variations. We aggregate firm export flows at the NES 114 level, i.e. into 36 sectors.
Our estimated equation takes the form:
where s is the sector and i the destination. Z it is the same vector of country-specific controls than in equation (2): GDP and effective exchange rate. het sit is a measure of the heterogeneity of performance computed by sector-destination. We use two measures of performance heterogeneity: first, the shape parameter of the distribution of productivity assuming that this distribution is Pareto. This shape parameter is an inverse measure of productivity heterogeneity. We estimate a Pareto distribution based on the methodology provided by Norman, Kotz and Balakrishnan (1994) (see also Mayer and Ottaviano, 2007) . 28 Second we compute an Herfindahl index to capture the degree of concentration in a sector (it is calculated at the sector/destination/year level, using export values by firms for the computation of market shares). Table 11 reports the results. The results confirm the aggregate implications of models with heterogenous pricing to market: the export values of more heterogenous sectors have a lower elasticity to exchange rate movements. This is true whether a high degree of heterogeneity is proxied by a low Pareto shape k (column 1), or a higher Herfindahl index (column 2).
This heterogenous reaction of exports may both come from the low elasticity of the intensive margin (continuing exporters) or the low response of the extensive margin (entrants). The mechanism stressed in this paper mainly relies on the effect of heterogeneity on the intensive margin: in sectors characterized by more heterogeneity, a large portion of aggregate exports is due to high performance firms, those that 27 Results are qualitatively similar when we use export volume as the dependent variable. We concentrate on export value to have more direct aggregate implications, and because aggregating quantities of potentially different products may be problematic. 28 We estimate this distribution based on labor productivity to maximize the number of observations, as we want to perform the estimation by sector and year. Similar results are obtained when we use TFP but pool all years to estimate the Pareto shape parameter. Note: Robust standard errors clustered by destination-year in parentheses with a , b and c respectively denoting significance at the 1%, 5% and 10%. All regressions include sector-destination fixed effects and year dummies. k is the shape parameter of the Pareto distribution of firm productivity. A high k implies a smaller heterogeneity in firms' productivity draws.
have a low elasticity of export sales to exchange rates. In Table 11 we estimate in the last two columns the effect of exchange rate on the intensive margin only, i.e. the value of exports of firms that already exported in t − 1 in the specific destination. Results support the hypothesis that heterogeneity matters for the intensive margin: the elasticity of the intensive margin to real exchange rate changes is found to be lower in sectors where productivity is more heterogenous and concentrated on high performance firms (columns 3 and 4).
Theory
In this section, we analyze theoretically how heterogenous pricing to market can generate a low elasticity of aggregate exports to exchange rate changes. We use one of the models discussed in section 2, namely the one based on the presence of additive distribution costs (a full and detailed presentation of which can be found in appendix A.2).
In Home currency, the value of aggregate exports V i from Home to country i is given by the sum of all individual exports p i x i (FOB price times quantity shipped) of firms with productivity above the threshold ϕ * i (characterized in the appendix):
, where G(ϕ) is the cumulative distribution function of productivity ϕ (symmetric in all countries).
The elasticity of aggregate exports to exchange rate changes can be decomposed into the intensive and extensive elasticities as follows 29 :
The first term represents the increase in exports that comes from continuing exporters. Note that it can itself be decomposed into a price and a volume change. The former element is zero in a model without pricing to market and positive in our case. The second (extensive) term is the increase in exports due to entry of new exporters and is positive (the threshold productivity falls with a depreciation:
We assume a Pareto distribution for productivity of the form
k is an inverse measure of productivity heterogeneity. In this case, it can be shown (see appendix A.2) that for aggregate export values:
An important result is therefore that the elasticity of aggregate exports from the Home country to country i, to the real exchange rate q i is completely determined by the degree of heterogeneity among firms. The aggregate elasticity of trade volumes to exchange rate is k. It is the same aggregate elasticity as in Chaney (2008). 30 However, the decomposition is different from Chaney (2008) . Our model collapses to his when distribution costs are zero. In this later case, the intensive elasticity is σ, the elasticity of substitution between Home and Foreign varieties, and the extensive elasticity is k + 1 − σ. It can be shown that in our model with distribution costs, the intensive elasticity is smaller than σ and the extensive elasticity is larger than k + 1 − σ. Note also that the elasticity for aggregate values (in Home currency) is higher because of heterogenous pricing to market: more productive exporters increase their prices (in Home currency) following a depreciation.
We now want to compare the aggregate implications of such a model with heterogenous pricing and an extensive margin to models without heterogeneity or extensive margin (e.g. a Krugman type model) or models with heterogenous productivity but no heterogenous pricing to market (e.g the Chaney model).
More generally, we want to check whether a model with heterogenous pricing to market can broadly reproduce the low elasticity of aggregate export to exchange rate movements observed in the data. What are we attempting to replicate? With firm-level data and information on exports for each destination and for each year, we can disentangle the change of aggregate exports that comes from continuing exporters for a specific destination (with elasticity β intensive ) from the change that comes from the entry or exit of exporters on this destination (with elasticity β extensive ).
More precisely, we use the fact that
where
is the value of trade generated by the group of incumbent firms (those active in market i the year before, and V ne i is total trade value of new entrants in this market. Obtaining the empirical value of those elasticities involves several steps:
• In a gravity-type regression using ln V inc i (the sum of the value of exports by destination/year for incumbent firms) as the dependent variable, we start by estimating the impact of the real exchange
. In this estimation, we control for the GDP and for the effective real exchange rate of the destination country, together with destination fixed effects and year dummies.
This gravity structure comes directly from the model presented in appendix A.2.
• We can then recover the impact of the RER on the intensive margin as
• The same calculation is used to recover the extensive margin elasticity β extensive , which also reveals
We use the same strategy to obtain the elasticity of aggregate volumes rather than aggregate values.
These are different given that export prices (in euro) change with a depreciation. Our results for the intensive and the extensive margin elasticities are as such (and reported in Table 12 , French data columns):
for export values we find 0.99 and 0.16. The total is therefore 1.15. For export volumes, we find 0.88 and 0.12 and 1 for the total. Note first that the total aggregate elasticity (a bit above unity for export values)
is not very different from those used in the international macroeconomic literature. Note also that the extensive margin -even though small in absolute value-is non negligible as it represents between 12 and 14% of the total change in aggregate exports in value and volume respectively in the year of the exchange rate change. These are the estimated elasticities to which we now compare the elasticities that come from our model. Each elasticity in equation (6) (1994) , and the results range between 1.5 and 3. These estimations are for firms that are either exporters or not but with more than 20 employees. This last restriction means that the relevant heterogeneity in our model is underestimated as our model does not restrict firm size. When we use our own data -which also include firms with less than 20 employees-to evaluate the Pareto distribution parameter, we obtain a lower number, close to 1. We choose k = 1.5 as a benchmark and report results for a higher value k = 4.
For σ, the elasticity of substitution, we take as our benchmark a value of 7. In Romalis (2007) shares, which average 32 to 50 percent of the total cost of goods. We choose a share s i = 0.3 as our data does not contain only consumer goods. Note that if we assume that part of the transport costs are additive and do not depend on the exchange rate, this is similar to an increase in distribution costs in the model. We also report the results for a larger definition of distribution costs for which we choose a share of 0.5.
In Table 12 , we report results for both export volumes and values. The two first columns (French data) give the empirically estimated elasticities β total , β intensive and β extensive mentioned above, while the eight following columns provide the theoretical ones under different values of structural parameters of the model. In the benchmark columns (σ = 7; k = 1.5; s i = 0.3), both the intensive and the extensive margins (in volume and value) are found to be low even though still higher than in the data. The total aggregate elasticity for values is k + 1 = 2.5 (1.5 for volumes) versus 1.15 (1 for volumes) in the data.
Remember that in standard macro or trade models with CES preferences and without distribution costs, heterogeneity or entry/exit, this total elasticity would be equal to the elasticity of substitution between domestic and foreign goods, in this specific case 7, hence much too high with respect to the observed one. It would also be equal in volume and values, which is not the case in the data. In a model such as Chaney (2008) with heterogeneity productivity but without heterogenous pricing to market, the total elasticity would (both in volumes and values) fall to k, 1.5 in our benchmark, much closer to the empirics.
However, what Chaney (2008) cannot reproduce is a low intensive margin. It would be σ (7 here) to be compared to the observed 0.88 and 0.99 that we estimate for volumes and values respectively. Hence, heterogenous productivity helps to generate a lower total aggregate elasticity and heterogenous pricing to market (absent in Chaney) helps to produce a lower and more reasonable intensive elasticity at the aggregate level. (6), where the benchmark values of the parameters are σ = 7, k = 1.5, and si = 0.3.
Decreasing heterogeneity (see columns where k =4) means that both the intensive and extensive margins increase away from the low observed value of the empirical estimation. With less heterogeneity, the intensive margin increases because a larger share of exports is made by a large number of less productive and smaller firms which do not absorb exchange rate changes as much as the most productive ones. The extensive margin also increases because firms that enter the export market following the depreciation are not much less productive than those already on the market so that their impact on the aggregate elasticity is larger. With a low level of heterogeneity (high value of k), the aggregate elasticity becomes very large and very different from the data both for values and volumes. Note that the evidence on French sectors (see Table 11 ) is such that exports in sectors with higher k (lower heterogeneity) indeed react more to exchange rate movements.
A lower elasticity of substitution (see columns where σ = 4) reduces the intensive elasticity. There are two opposite effects. On the one hand, firms have more incentive to price to market as their export volumes respond less to a change in relative price. On the other hand, with a lower elasticity, more productive firms have a smaller export share and these are the firms that react to a depreciation by increasing their mark-ups rather than their sales. The extensive margin increases with a lower σ. The reason is that firms that enter following a depreciation are less productive. With a low σ, this low productivity is not such a severe disadvantage. Finally, when the share of distribution costs in consumer prices is increased to 0.5, the intensive margin decreases but the extensive margin increases and becomes too large. The first result comes from the fact that with higher distribution costs, pricing to market becomes more profitable and more concentrated on large and productive firms. The second result comes from the fact that with higher distribution costs, the productivity disadvantage of the new entrants is less pronounced.
Hence, overall these results suggest that a model with heterogenous pricing to market is able to better match both the low observed intensive and extensive elasticities than models without heterogeneity/variable markups. If exporters are selected and concentrated among the most productive firms because of the presence of a fixed cost to export, and these firms are sufficiently heterogenous, then the bulk of exports is due to firms who choose to absorb more exchange rate movements in their prices.
Conclusion
This paper documents how exporters react to exchange rate movements. High performance firms react to a bilateral depreciation by increasing their destination specific export price. They therefore partially absorb exchange rate movements in their mark-up or price to market. They choose this strategy rather than letting the import price fall one to one with the exchange rate and increase their export sales. Low performance firms choose the opposite strategy. Several models, which all share the characteristic that high performance firms perceive a lower demand elasticity, exhibit this behavior. Our results therefore militate in favor of international trade and macroeconomics models that feature endogenous, variable and heterogenous demand elasticities.
We show that the difference in reaction to exchange rate movements is very robust for French exporters.
To our knowledge, our paper is the first to document this fact and more generally it is the first to use a very rich firm-level dataset to analyze how firms react to exchange rate movements in their choice of prices, quantities, exit and entry.
This heterogeneity is interesting in itself but it also has important implications for the impact of exchange rates on exports at the aggregate level. The mechanism that we document can help explain the low aggregate elasticity of exports to exchange rate movements: the bulk of exports is made by high performance firms which optimally prefer to partially absorb exchange rate movements in their mark-up.
Heterogeneity therefore matters for the intensive margin. It also matters for the extensive margin because firms that enter the export market following the exchange rate movement are less productive and smaller than existing ones.
Our results have implications for the import pass-through literature which we have not fully explored because we have focused on the export side of the story which is absent in the recent literature on passthrough using disaggregated data. Our results suggest that the low level of pass-through of exchange rate movements into import and consumer prices can, at least partially, be explained by the mechanism at work in our model. If high performance firms are over-represented in the imports of a country and therefore in its import price index, then the mechanism we have analyzed should also explain the low degree of pass-through we observe.
Our paper has focused on the heterogeneity of responses of exporters to exchange rate movements.
In future research we also want to analyze the "average" firm-level response of exporters which is small in our data. This suggests that between the producer and the final consumer, different intermediaries This section shows that the Melitz and Ottaviano model, extended to include exchange rate movements, generates heterogenous pricing to market. Firms are indexed by their productivity ϕ. The inverse demand function for the variety of firm ϕ exported to country i is:
is the export price in Home currency, ε i is the nominal exchange rate between the Home country and country i, x i (ϕ) is the individual consumption of variety ϕ and X i is the consumption level over all varieties. a, b, c are positive parameters. Profit maximization yields the following export price:
is the threshold for which operating profits are zero, w is the Home wage rate and τ i > 1 is an iceberg trade cost between Home and destination country i. Denoting the real exchange rate
. The elasticity of export prices to a real exchange rate depreciation is positive and increases with productivity ϕ (testable prediction 1). It follows that x i (ϕ) = 1 2
which decreases with productivity ϕ (testable prediction 2).
A.2 A model with distribution costs
This section presents an extension of Corsetti and Dedola (2005) , we assume that production and retailing are complements. Furthermore, distribution is outsourced and does not depend on the exporter's productivity. Any additive cost (transport, marketing, advertising, insurance...) -not substitutable to production-paid in local currency and which does not depend on the productivity of the exporter would have the same impact. In units of currency of country i, the consumer price p c i (ϕ) of a variety ϕ exported from Home to country i is then:
+ η i w i where p i (ϕ) is the exporter price of the good exported to i expressed in Home currency, w i is the wage rate in country i and ε i is the nominal exchange rate between the Home country and country i. The quantity demanded in i of this variety is:
Y i is the income of country i and P i is the price index in country i. 31 The cost (in units of currency of the Home country) of producing x i (ϕ)τ i units of good (inclusive of transport costs) and selling them in
, where q hi is the bilateral real exchange rate of country h and i and τ hi the bilateral trade cost. As in Chaney (2008) , the number of entrepreneurs who get a productivity draw is proportional to population size L h in country h. Pi depends on the bilateral exchange rates of country i with all its trade partners. In this price index, a measure of the effective real exchange rate of the country appears in the second part of the bracket (in a very non-linear way). It is the weighted sum of real bilateral exchange rates of country i with all its trading partners. The weights depend in particular on the number of exporters, proportional to population. An effective exchange rate appreciation of country i that decreases Pi leads to a fall of the volume of exports from an exporter of the Home country. We assume that the Home country is too small for its bilateral exchange rate to affect the price index of country i. country i for a domestic firm with productivity ϕ is: c i (ϕ) = wx i (ϕ)τ i /ϕ + F i (ϕ) where w is the Home wage rate.
Expressed in Home currency, the profit maximizing export price of firm ϕ exporting to country i who takes into account how a change in this export price affects the final consumer price is:
where we call q i ≡ ε i w i /w, the real exchange rate of the Home country with country i. The mark-up m i (ϕ) over the marginal cost is larger than σ σ−1 , increases with productivity ϕ and the exchange rate q i . For firms with high productivity and low export prices, a large share of the final consumer price does not depend on the export price. The elasticity (in absolute value) of the exporter's demand to a change in export price decreases with productivity:
because it increases the share of the consumer price which does not depend on the exporter price, also reduces the elasticity of demand which allows all firms to increase their markup. High productivity firms have a lower elasticity to start with, so they can increase their markup more than others. This implies heterogenous pricing to market.
The impact of a depreciation on the exporter price, i.e. the extent of pricing to market, is given by the following firm-specific elasticity:
This elasticity increases with the productivity of the firm ϕ (testable prediction 1) and with local distribution costs η i .
A firm volume of exports is:
σ , so that the impact of change in real exchange rate on the volume of exports of each firm is given by the following, also firm-specific, elasticity:
This elasticity decreases with the productivity of the firm ϕ (testable prediction 2) and with the importance of local distribution costs η i .
A.2.1 Profits and the extensive margin
Profits for a Home exporter to country i are:
, where C is a constant. We allow the production of the fixed cost to export to be partly incurred in the destination country. It is expressed as a Cobb-Douglas in labor of the Home country and labor in country i, with shares α and 1 − α respectively:
where f i > 0. Note that firms with higher productivity in production activities are also more productive in activities necessary to provide the share of the fixed cost incurred at Home. Profits increase with a real depreciation. This is because sales expand in country i and also because the mark-up of exporting to country i increases.
The threshold such that profits of a firm ϕ * i exporting in i are zero is (implicitly) defined by the following cutoff condition: Cw = f i (ϕ * i q i ) −α . Below the threshold productivity ϕ * i , firms are not able to export on market i. Given that higher productivity firms choose to absorb more of the exchange rate movements into their mark-up, this implies that exporters are firms which, by selection, are less sensitive (in terms of their export volumes) to exchange rate movements than other firms.
The elasticity of the threshold productivity to exchange rate is:
The threshold decreases with a depreciation as it allows firms that were not productive enough to enter the market.
A.2.2 Aggregate elasticities
The value of aggregate exports (valued Free-On-board and in Home currency as in our data) are: V i = The two first terms constitute the intensive margin. The first one is due to the increase in prices (in domestic currency) and the second term is due to the increase of the volume of exports of existing exporters. The first term is zero in Chaney (2008) . The third and last term is the extensive margin. Note that :
The proof that the aggregate elasticity for export volumes is k is similar. Finally, for the calibration of the two elasticities (intensive and extensive), we need to quantify the parameter η i . We do this in the benchmark case by using the estimation in the literature of s i , the share of distribution costs in the average consumer price. Assuming that the wage rate increases with average productivity, we get: η i = στ i s i σ−1−σs i .
A.2.3 Heterogenous quality
The results presented in the model with heterogenous productivity go through in a version of the model where firms differ in terms of quality. This generates similar empirical predictions as long as higher quality goods have higher distribution costs and quality increases quickly enough with the cost of production so that the higher quality firms have higher operating profits. The quality part of this version of the model is similar to Baldwin and Harrigan (2011) 
The elasticity of the exporter price (export volume) to an exchange rate change increases (decreases) with the quality of the good it produces. Note: Robust standard errors clustered by destination-year in parentheses with a , b and c respectively denoting significance at the 1%, 5% and 10%. All regressions include sectordestination fixed effects and year dummies. 
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